The 46K outer capsid protein encoded by RNA segment $8 and the 42K polypeptide, previously thought to be the segment S9-encoded structural protein, were isolated from a rice dwarf phytoreovirus purified preparation, and then analysed by peptide mapping and electroblot-ELISA. Staphylococcus aureus V8 protease peptide mapping patterns of the 42K and 46K proteins were similar. Two monoclonal antibodies (MAbs), obtained after immunization with virus particles dissociated by 0.1% SDS, were each specific for both the 42K and 46K proteins. Furthermore, the MAbs bound common peptide fragments which were generated by digestion of the 42K and 46K proteins with V8 protease or proteinase K. These results strongly suggest that the 42K protein is not a gene product of $9 but a product overlapping with the 46K outer capsid protein. Whether the two proteins are functionally distinct remains to be determined.
The 46K outer capsid protein encoded by RNA segment $8 and the 42K polypeptide, previously thought to be the segment S9-encoded structural protein, were isolated from a rice dwarf phytoreovirus purified preparation, and then analysed by peptide mapping and electroblot-ELISA. Staphylococcus aureus V8 protease peptide mapping patterns of the 42K and 46K proteins were similar. Two monoclonal antibodies (MAbs), obtained after immunization with virus particles dissociated by 0.1% SDS, were each specific for both the 42K and 46K proteins. Furthermore, the MAbs bound common peptide fragments which were generated by digestion of the 42K and 46K proteins with V8 protease or proteinase K. These results strongly suggest that the 42K protein is not a gene product of $9 but a product overlapping with the 46K outer capsid protein. Whether the two proteins are functionally distinct remains to be determined.
Rice dwarf phytoreovirus (RDV) (Boccardo & Milne, 1984) is considered to contain a genome composed of t2 segmented dsRNAs and seven structural proteins. The genomic RNAs are termed S1 to Sl2 in increasing order of mobility in a polyacrylamide gel. It was reported by Nakata et al. (1978) that the seven constituent proteins were encoded by S1, $2, $3, $5, $7, $8 and $9 based both on their potential coding capacities as monocistronic mRNAs and on the sizes of the polypeptides detected in the virus particles. Recently, Kano et al. (1990 ), Suzuki et al. (1990 ), Nakashima et al. (1990 ) and Omura et al. (1989 have demonstrated biochemically that $3, $7 and $8 encode the 114K core, 55K core and 46K outer capsid proteins, respectively.
During the course of preparation and reactivity analysis of monoclonal antibodies (MAbs) against the structural proteins, we obtained MAbs reacting to both the 46K capsid protein and the 42K polypeptide, which was previously thought to be encoded by $9 (Nakata et al., 1978) . This observation prompted us to investigate the physicochemical properties of the two proteins. In the present study, we show that the 42K polypeptide overlaps with the 46K capsid protein by peptide mapping analysis and electroblot (EB)-ELISA.
RDV was purified by the method of Uyeda & Shikata (1982) with a minor modification made by us (Suzuki et al., 1990) . The methods of Yanagi et al. (1976) and Reddy & Black (1973) were also used for RDV purification to compare SDS-PAGE patterns of the virion constituent proteins. Proteins were denatured by boiling at 100 °C for 5 min in 2~ SDS, 1 ~ 2-mercaptoethanol, 50 mMTris-HC1 pH 8.8, and were then electrophoresed in an SDS-polyacrylamide gel using the discontinuous buffer system (Laemmli, 1970) .
Purified virus preparations were electrophoresed preparatively. After staining, the gel strips containing the 46K and 42K proteins were excised separately. In order to concentrate the 42K protein, several gel strips containing the protein were layered in a gel, and then recovered as one strip, as stated above. The gel strips were stored at -20 °C until use. Peptide mapping was done according to the method described by Cleveland et al. (1977) . The gel slice was trimmed and placed into a well of a 12-5~ polyacrylamide gel. The specified amount of Staphylococcus aureus V8 protease was layered onto the gel slice and allowed to digest the proteins during electrophoresis.
The separated proteins were electroblotted onto a nitrocellulose membrane (Towbin et al., 1979) and then immunoenzymically detected by the method of Shirako & Ehara (1986) . MAbs in hybridoma culture supernatant were used as the first antibody. Eight-to 12-week-old female BALB/c mice were immunized by injecting 100 p.g of virus particles, dissociated in 0-1 ~ SDS, four times at l-week intervals. On the third day after the final injection, spleen cells were extracted and fused with myeloma cells (P3X63Ag8-653 or P3X63Ag8-U1), as described by Kudo et al. (1987) . Screening and cloning procedures were according to the method of Suzuki et al. (1989) . In order to process many samples, an Immunetics Miniblotter System model MN28 was used.
From a purified preparation of RDV obtained by the method of Uyeda & Shikata (1982) (Fig. 1) described by Omura et al. (1989 ), Nakashima et al. (1990 and Suzuki et al. (1990) . We isolated the 42K and 46K proteins from this preparation for further analysis. The SDS-PAGE pattern of the purified preparation ( Fig. 1) was similar but not identical to that reported previously (Nakata et al., I978) . That is, our preparation contained much more 46K polypeptide than 42K polypeptide, whereas the 42K polypeptide, originally reported as 45K, was detected in the same quantities as the 46K protein in the preparation of Nakata et al. (1978) . In order to check whether there were any differences in the purification procedure, we employed two other methods reported by Yanagi et al. (1976) and Reddy & Black (1973) , the second of which was used for wound tumor virus, the prototype of the Phytoreovirus genus. We compared SDS-PAGE patterns of purified preparations obtained by the two methods. As a result, no significant difference in the appearance of the 42K and 46K proteins was observed (data not shown). Therefore, the 42K polypeptide is considered to be the previously reported 45K protein (Nakata et al., 1978) .
The peptide mapping pattern of the 46K and 42K proteins is shown in Fig. 2 . Both proteins share peptide fragments of the same size. We found in the screening procedure that all MAbs specific for the 46K protein cross-reacted with the 42K polypeptide. We obtained four stable hybridoma clones secreting MAbs specific for those proteins. Two of the MAbs used in further experiments were designated OC 1 and OC 2. The isotypes ofOC 1 and OC 2 were IgGl, as determined by a dot immunobinding assay (Hibi & Saito, 1985) . OC 1 and OC 2 had titres of 1:4096 and 1:2048, respectively, when estimated by EB-ELISA. Cross-reaction of OC 1 to the 42K and 46K proteins is shown in Fig. 1 as an example. No significant difference in reactivity between the 42K and 46K proteins was observed. Likewise, OC 2 and the other two MAbs bound equally well to both the 42K and 46K proteins. Moreover, we investigated the reactivities of the MAbs with fragments obtained from V8 protease digestion of the 42K and 46K proteins. Consequently, OC 1 and OC 2 each reacted with the 29K and 15K fragments (Fig. 2) , both of which were shared by the 42K and 46K proteins. When proteinase K was used, several fragments of the 42K and 46K proteins were also commonly bound by OC 1 and OC 2 (Fig. 3) .
In this study, we investigated physicochemical properties of the 42K and 46K proteins detected from the purified RDV preparation. Peptide mapping analysis with V8 protease showed that the digestion patterns of the two polypeptides were similar (Fig. 2) . The two MAbs (OC 1, OC 2) each bound both the 42K and 46K proteins (Fig. 1) . Furthermore, the MAbs were reactive with some of the peptide fragments common to both proteins, which were derived from V8 protease or proteinase K digestion ( Fig. 2 and 3) . From these results, the 42K and 46K polypeptides were considered to have similar primary structures and share the epitope defined by the MAbs, which may reside at similar positions on the primary structure of the two polypeptides. It is suggested therefore that the 42K and 46K proteins are overlapping products. In addition to the 42K protein, a small amount of a 40K protein is often detected from the purified preparation (Nakashima et al., 1990; N. Suzuki & M. Sugawara, unpublished results) . This protein is also considered to overlap with the capsid protein, since it can be detected by OC 1 and OC 2. It was postulated previously that the 46K and 42K proteins were encoded by $8 and $9, respectively. Sequence analyses (Fukumoto et al., 1989; Omura et al., 1989; Uyeda et al., 1989) ( 1989) and Uyeda et al. (1989) , although the $9 product is similar in size to the 42K polypeptide.
Capsid protein heterogeneity has been reported with rotaviruses (Chan et al., 1986) and reoviruses (Jayasuriya et al., 1988; Wiener & Joklik, 1988) , both of which are members of the Reoviridae family. The use of the second, as well as the first, in-phase AUG codon is attributed to the rotavirus capsid protein heterogeneity (Chan et al., 1986) . In the case of reoviruses it seems that some of the outer capsid ~tl protein is cleaved to ~tlC when it associates with protein 0-3 during virion assembly and some remains uncleaved (Jayasuriya et al., 1988; Wiener & Joklik, 1988) . Although the relationship between the 42K and 46K proteins of RDV is unknown at present, there are two possibilities to explain it. The first is that the 42K protein is a post-translational cleavage product o f the 4 6 K c a p s i d protein. T h e s e c o n d is t h a t the 4 2 K p r o t e i n is t r a n s l a t e d f r o m the third i n -f r a m e i n i t i a t i o n c o d o n (bases 147 to 149) o n $8 ( O m u r a et al., 1989), as is the major non-structural protein, fib" of barley stripe mosaic virus (Petty & Jackson, 1990) . It would be of great interest to analyse functional differences between the 46K and 42K proteins.
